Abstract: Based on the V-type diesel engine crankshaft system, the paper combined the finite element method (fem) and multi-body dynamics method together, made a virtual simulation analysis. First, by 3d software and finite element software to establish the multi-body dynamic models of the crankshaft, bearing and piston, then simulated the actual engine working condition, and got the data such as crankshaft acceleration, velocity and displacement by the multi-body dynamics simulation analysis. By calculation, the paper found that by using the combination of finite element and multibody simulation method, can we effectively simulate the diesel engine crankshaft dynamics characteristics.
INTRODUCTION
Along with the rapid development of modern industry, the oil source is increasingly tense so the working efficiency of diesel engine and life is paid more and more attention. The mechanical strength of diesel engines are also growing. As the core parts of diesel engine, the strength and stiffness of crankshaft has been the research emphasis for the designers. The main method is to analyze the dynamic characteristics of diesel engine crankshaft by effective means of virtual technology and simulation, so as to get multiple kinetic parameters of the crankshaft [1] .
The paper is based on a V-type 6 cylinder diesel engine, firstly, to establish flexible model such as crankshaft and bearing by a 3D-design software Pro/E. It adopts the finite element software Altair Hyper to carry out grid control, and then imported into Ansys to pretreatment crankshaft and bearing, to extract parameters such as quality and stiffness matrix, later crankshaft multi-body dynamics simulation by Avl Excite software from Austrian company. The technical route is shown in Fig. (1) .
FLEXIBLE MULTI-BODY DYNAMICS MOTION EQUATION
Diesel engine crankshaft is processed as a flexible body, to establish flexible multi-body dynamics model of the crankshaft. Flexible multi-body dynamics, refers to in a specified inertial reference frame, the system objects' configuration in each time are determined in the inertial reference frame, i.e. to select a moving reference frame for each object in a certain way, the configuration of the object is determined with respect to its own moving reference frame. Avl Excite software establishes the system model using three coordinates, respectively the global coordinate, follow up coordinate, and the son coordinate Fig. (2) .
On the analysis of the rigid body plane motion, the complex rigid body plane motion is decomposed into several simple movements. With regard to the motion of flexible body, especially in the case of small deformation, we can also apply a similar approach. For any point P on the flexible body, the position vector is:
R is the vector for point P in the inertial coordinate; r ! r 0 is the vector for the original point of floating coordinate in inertial coordinate; A is the direction cosine matrix; s ! s p is the vector for point P in floating coordinate before deformation of flexible body; u p is the relative deformation vector, which can be discretized by different methods, for point P, the unit deformation can be described by modal coordinate:
In the equation above, is the assume deformation modal matrix for point P satisfying the requirement of Leeds base vector, q is the deformed generalized coordinate [2] .
The rate vector and acceleration vector of any point of flexible body can be gotten from first derivative and second derivative:
The motion equation of flexible body is derived from the following Lagrange equation:
In the equation above, φ is the constraint equation; γ is the corresponding constraint equation of Laplace multiplier; ξ ξ is the defined generalized coordinate; Q is the generalized force projected on ξ ξ; L is Lagrange item, defined as L=T-W, T and W are kinetic energy and potential energy respectively; τ expresses energy loss function. 
MULTI-BODY DYNAMIC MODEL OF THE CRANKSHAFT

Diesel Engine Technical Parameters
Taking a V-type marine diesel engine as the research object, the detailed parameters are shown in Table 1 . 
Model Establishment and the Meshing of the Crankshaft
To build three-dimensional model of the parts according to the detailed geometry in diesel engine design drawings, in the simulation analysis, dynamic characteristic analysis only on the crankshaft and bearing in the system, therefore, the three-dimensional model of the two components is established. In the simulation analysis, parts such as cylinder, connecting rod, gudgeon pin, flywheel and damper, are replaced by virtual parts. The crankshaft 3 d graphics are shown in Fig. (3) . 
Model Reduction
In finite element analysis, 3 d model needs meshing, and then the modal reduction can be preceded. To establish the spider grid structure, for better modal reduction, the meshing quality request for crankshaft main journal and crank pin journal is relatively high. In a variety of finite element software, the Altair Hyper software pre-processing meshing control is better. Model uses the six-side solid45 unit to mesh, first for main journal, and then based on the meshing to process the crank pin journal, it is important to note that it needs seamless joint of the main journal and crank pin journal connecting the crank journal grid, as shown in Fig. (4) . The meshing of the crank pin can use 4 sides soild 45 units [3] .
After meshing, the crankshaft will produce tens of thousands of freedom degrees, in the process of computing simulation, the result is too big. Modal reduction is to reduce the thousands of freedom degrees to several hundred, which greatly reduces the computing workload. In reduction process, define the primary freedom, to make it have the same dynamic characteristics with the original structure model. The general method is the main journal defines five DOF nodes, crank pin journal defines 1 DOF nodes, each DOF node has six degrees of freedom (UX, UY, UZ, ROTX, ROTY, ROTZ), in the end, the total number of degree of Fig. (1) . Ethnical roadmap. freedom = number of DOF node + number of modal degree of freedom. Main bearing model reduction can be done on the basis of the crankshaft Fig. (5) . Fig. (4) . Grid docking of journal and crank pin. In Altair Hyper software, after the pretreatment of modal reduction to crankshaft and bearing, import it into Ansys for modal reduction. Crankshaft unit type is CON6, modal order number positions at 10. After reduction, the following results file is achieved, respectively: master files of degrees of freedom (*.DOFT), geometric files (*.GOEM), mass matrix and stiffness matrix (*.OUT4), and the element stiffness matrix (*.KDIC, *.KELM), for the use of latter simulation calculation Fig. (6) . Avl Excite software in multi-body dynamics analysis of diesel engine is professional to some extent, which is advanced simulation software of diesel engines. After the above treatment, the paper establishes dynamic simulation models of the V-diesel engine crankshaft system in Avl Excite [4] . As shown in Fig. (7) .
With the model completed above and importing related parameters, the connecting rod generates model automatically by software based on the related data. All parts are connected by corresponding nodes, to establish mutual coupling relationships. The coupling 3D model after reducing is shown in Fig. (8) .
SIMULATION RESULTS AND ANALYSIS
The simulation calculation aims diesel engine rated speed as the research object, selects the 3750 r/min cylinder pressure curve as the input of diesel engine multi-body dynamics calculation, the results set for the crankshaft and bearing force and torque as output results. Gas force loads on the connecting rod small quality node, the cylinder pressure curve as shown in Fig. (9) . Calculation results removes the first and second cycle of diesel unstable operation, the third cycle (crank angle is 1440°) as the starting point, to get the crankshaft and bearing force and displacement [5] .
Crankshaft Dynamics Analysis
In the simulation calculation results, the overall crankshaft displacement curves, velocity curves, acceleration curves are extracted to illustrate the dynamic characteristics of crankshaft. Fig. (7) . Multi-body dynamic model of diesel engine. Fig. (8) . Reduced model of the multi body dynamics. Figs. (10, 11) are for crankshaft speed and acceleration curve, with the diesel engine start working, in the vertical direction and a third direction, wave velocity and acceleration of the crankshaft is obvious, the ignition TDC is the maximum, and then began to decrease. Therefore, in this process, because of the change of diesel engine crankshaft, an unsmooth running is prone to happen, higher requirements to the performance of diesel engine [6] [7] [8] . 
Dynamics Analysis of Spindle Bearing
The applied load on the main bearing together with combustion pressure, piston connecting rod inertia force, is the most important excitation source of diesel engine vibration and noise, therefore, research of main bearing is very necessary. Fig. (12) gives diesel engine crankshaft 4 stress results of main bearing in vertical direction and third direction. It is found that the curve peak is generally the pressure outbreak of diesel engine adjacent cylinders, the work load of the first main bearing is the minimum, while the second main bearing the maximum [9] .
CONCLUSION
In the process of diesel engine operation, attention should be paid to the instability phenomenon, at the same time to the wears of diesel engine main bearing. Through the multibody dynamics simulation of crankshaft and bearing seat, the force and vibration conditions of diesel engine crankshaft 
